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S U l v l M A R Y
Th is  t hes i s  desc r i bes  the  deve lopmen t  o f  a  po l ymer -bound  1 ,4 -d ihyd ro -
n icot inamide reagent  which can be reused several  t jmes in the reduct ion of
d i f f e ren t  ac t i va ted  subs t ra tes .  A  va luab le  sp in -o f f  o f  t h i s  s tudy  was  the
ins igh t  ga ined  i n  t he  de ta i l s  o f  t he  mechan i sm o f  me ta l  i on  ca ta l ys i s  i n
non-enzymat ic  reduct ions by 1,4-d ihydronicot inamides.  The concepts develop-
ed  a re  app l i cab le  t o  t he  mechan i sm o f  ac t i on  o f  t hose  NADH med ia ted  dehy -
d rogenases  wh ich  have  an  essen t i a l  me ta l  i on  requ i remen t .
I t  i s  known  tha t  N -subs t i t u ted  1 ,4 -d ihyd ron i co t i nam ides ,  wh i ch  con -
st ' i tu te the chemical ly  act ive par t  of  the coenzyme NADH, can reduce seve-
ra l  ac t j va ted  subs t ra tes  (Scheme 1 ) .  These  d ihyd ropy r i d i nes  can ,  i n
p r i nc ip le ,  be  reused  because  the  py r i d i n i um sa l t  can  be  reconve r ted  to
*  ox  Subst rOte  = i  red  subs t ro te
Scheme 1
the  d ihydropyr id ine  (chapter  1 ) .  However ,  the  regenera t ion  o f  the  d ihydro-
pyr id ' ine is not pract ical ly convenient.  By anchoring the react ive pypid' ine
groups onto a heterogeneous carr ier,  i t  might be possible to achieve a
s imp le  reu t i l i za t ion  o f  the  reagent ,  because o f  the  easy  separa t ion  o f
the react ion products after every react ion step.
The choice of the polymeric matr ix as a carr ier for the reagent is
in a great measure determined by the react ion medium employed. S' ince both
the react ion between the substrate and the dihydropyridine and the rege-
nera t ion  s tep  proceed adequate ly  in  po la r  so1vents ,  po la r  ge1- type re -
sins or macroret icular esins had to be chosen. For the lat ter types of
resjns, the po' lar i ty of the react ion medium is less important because
of their  permanent pore structure. For pract ical  reasons, a macroret ' i -
cular polystyrene network was selected. The innnobi l izat ion of the
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T h e  p o l y m e r - b o u n d  1 , 4 - d j h y d r o n i c o t i n a m i d e  ( P N A H )  w a s  u s e d  i n  r e d u c -
t i o n s  o f  s e v e r a l  s u b s t r a t e s ,  v i z .  t r i f l u o r o a c e t o p h e n o n e  ( T F A ) ,  N - m e t h y l -
a c r i d i n e  p e r c h l o r a t e  ( N M A + )  a n d  p y r i d i n e - 2 - c a r b a l d e h y d e  ( P C A ) .  F o r  e a c h
o f  t hese  subs t ra tes  t he  reu t i l  i za t i on  o f  t he  po l ymer i c  reagen t  was  i n -
ves t i ga ted .  i n  add i t i on ,  t he  ra te  o f  p roduc t  f o rma t i on  was  s tud ied .  By
compar ing  the  k ine t i c  behav iou r  o f  t he  po l ymer -bound  reagen t  w i t h  t he
u n b o u n d  a n a l o g u e ,  1 - b e n z y l - 1 , 4 - d i h y d r o n i c o t i n a m i d e  ( B N A H ) ,  t h e  i n f l u e n c e
o f  immob i l  i za t i on  on  the  reac t ' i on  was  s tud ied .
PNAH was  f j r s t  t es ted  fo l i t s  reac t i v i t y  i n  t he  reac t i on  w i th  TFA
i n  a n  a q u e o u s  r e a c t j o n  m e d i u m  a t  5 0 ' C  ( C h a p t e r  2 ) .  D u e  t o  p o l a r i z a t i o n
o f  t he  ca rbony l  f unc t i on  by  t he  th ree  o - f l uo r i ne  a toms ,  t h i s  subs t ra te
cou ld  be  reduced  w i thou t  t he  add i t i on  o f  an  ex te rna l  ca ta l ys t .  The  ob -
served react ion rate of  the polymer-bound reagent  was found to be three
t jmes  as  l ow  as  t ha t  o f  t he  l ow-mo la r -mass  ana logue  BNAH.  By  se lec t i ng
p r o p e r  r e a c t i o n  c o n d i t i o n s ,  i t  w a s  p o s s i b l e  t o  r e d u c e  t h e  l o s s  i n  a c t i -
v i t y  t o  10 -15% pe r  cyc1e .  The  obse rved  s ide  reac t j ons  we re  due  to
t h e  s o l v e n t  m e d i u m ,  v i z .  w a t e r .  T h e  l a t t e r  a l s o  r e s t r i c t e d  r e u t i l i z a -
t i on  o f  t he  reagen t .
Subsequen t l y ,  t he  reduc t i on  o f  TFA  was  pe r fo rmed  i n  an  ap ro t i c
c n l r r o n f  v i z  e r o l - n l j t r j l e ,  a t  5 0 . C  ( C h a p t e r  3 ) .  M O S I  r e m a r k a b l e  W a S
the  improvemen t  i n  t he  s tab i l i t y  o f  t he  reac t i on  sys tem upon  add i t i on
o f  M g  i o n s .  A l t h o u g h  M g  c a n  g i v e  s i d e  r e a c t i o n s  w i t h  t h e  d i h y d r o p y r i -
d i n e ,  t h e  p r e s e r v a t i o n  o f  a c t i v i t y  o f  t h e  d i h y d r o p y r i d i n e  r e s i d u e s ,
wh ich  we re  l oca ted  i n  t he  po l ymer  ma t r i x ,  amoun ted  Io  91% pe r  cyc le
in  t h i s  reduc t i on .  I t  was  obse rved  tha t  v rh i l e  t he  reduc t i on  o f  TFA
by  BNAH was  ca ta l yzed  by  Mg ,  t he  same me ta l  i on  had  an  i nh ib i t o r y
e f fec t  on  the  reduc t i on  o f  TFA  by  PNAH.  The  l ow  reac t j on  ra te  o f  t he
po l ymer i c  reagen t  has  been  exp la ined  on  the  bas i s  o f  r epu l s i on  o f  t he
k ine t i ca l l y  compe ten t  TFA-Mg  comp lex  by  t he  cha rge  wh ich  the  res in
deve lops .  Th i s  was  due  to  bo th  t he  comp lexa t i on  o f  Mg  i ons  to  t he  reac -
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t i v e  s i t e s  a n d  t h e  c o n v e r s i o n  o f  t h e  d i h y d r o p y r i d i n e  t o  t h e  p y n i d i n i u m
sa l t .  A  new mode l  o f  t he  mechan i sm o f  me ta l  i on  med ia ted  NADH mode l
r e d u c t i o n s  h a s  b e e n  p r o p o s e d  u p o n  t h e  b a s ' i s  o f  t h i s  k i n e t i c  a n a l y s i s .
I n  Chap te r  4  t he  reduc t i on  o f  t he  NMA+ ion  i s  desc r i bed .  A  good
reu t i l  i za t i on  was  expec ted  i n  t h i s  hyd r i de  exchange  reac t i on  because
the  redox  po ten t i a l  o f  N l ' lA+  pe rm i t t ed  a  f as t  r educ t i on ,  even  a t  r oom
tempera tu re .  Moreove r ,  t h i s  reac t i on  does  no t  requ i re  wa te r  o r  Mg  i ons .
The  reac t i on  sys tem a l l ows  the  examina t i on  o f  t he  e f f ec t  o f  cha rge
d e v e l o p m e n t  i n  t h e  p o l y m e r  o n  i t s  r e a c t i v i t y .  T h e  k i n e t i c  r e s u l t s  c a n
be  i n te rp re ted  w i th  a  g rea te r  deg ree  o f  con f i dence ,  s i nce  the  reac t i on
i s  no t  comp l i ca ted  by  me ta l  i on  comp lexa t i on .  K ine t i c  measu remen ts
showed  tha t  t he  deve lopmen t  o f  t he  pos i t i ve  cha rge  on  the  po l ymer  h in -
de red  the  app roach  o f  t he  subs t ra te .  Th i s  e f f ec t  was  dominan t  as  com-
p a r e d  t o  h i n d r a n c e  o r i g i n a t i n g  f r o m  o t h e r  t y p e s  o f  r e s t r i c t e d  d i f f u s i o n .
Fu r the rmore ,  i t  was  obse rved  tha t  cha rged  n j co t i nam ide  g roups  l oca ted
deep  w i th in  t he  po l ymer  ma t r i x  a re  be t te r  sc reened  by  t he i r  coun te r -
' i o n s  t h a n  t h e  c o r r e s p o n d i n g  g r o u p s  o n  t h e  p o r e  w a 1 l .  I n  t h j s  r e d u c t i o n ,
t he  reac t i ve  po l ymer  cou ld  be  regene ra ted  w i th  an  e f f i c i ency  o f  93% pe r
c y c 1 e .
PCA can  on l y  be  reduced  by  t he  po l ymer i c  reagen t  i n  t he  p resence
o f  [ 4g  i ons  (Chap te r  5 ) .  The  reac t i on  p roceeded  a t  r oo rn  t empera tu re  w i t h
a  h i g h . u t "  u n a  t t i ,  f a s t  r e d u c t j o n  l e d  t o  t h e  a v o i d a n c e  o f  c o m p l i c a -
t i o n s  a r i s i n g  f r o m  s l o w  s i d e  r e a c t i o n s .  S i n c e  t h e  c o m p l e x a t i o n  c o n s t a n t s
o f  Mg  w i th  bo th  t he  subs t ra te  and  d ihyd ropy r i d i ne  cou ld  be  de te rm ined ,
th i s  sys tem p roved  to  be  a  mos t  adequa te  one  fo r  a  de ta i l ed  quan t i t a -
t i v e  d e s c r i p t i o n  o f  t h e  r e a c t i o n .  T h e  r e s u l t s  o f  t h e  k i n e t i c  s t u d i e s
con f i rmed  the  mechan i s t i c  conc lus ions  d rawn  fo r  TFA  i n  Chap te r  3 .  The
e f f i c i ency  o f  r egene ra t i on  o f  t he  po l ymer  reagen t  (98% pe r  cyc le )  was
the  h ighes t  obse rved  i n  t he  p resen t  s tudy  and  was  much  be t te r  t han  tha t
repo r ted  i n  t he  l i t e ra tu re ,  v i z .  60%.
In  t he  Append i x ,  r educ t i ons  o f  t he  subs t ra tes  TFA  and  me thy l
benzoy ' l f o rma te  w i th  an  immob i l i zed  ch i ra l  NADH mode l ,  v i z .  R -N-o -
me thy lbenzy l - ' 1 ,4 -d ihyd ron i co t i nam ide  a re  desc r i bed .  I t  was  obse rved
tha t  immob i l  i za t i on  o f  t he  ch i ra l  r educ tan t  l owered  the  op t i ca l  i nduc t i on
remarkab l y .  Th i s  e f f ec t  i s  p robab l y  due  to  t he  supp ress ion  o f  t hose
pa ra l l e l  r eac t i ons  wh i ch  cause  i nduc t i on ,  ow ing  to  t he  p rev ious l y  men t j oned
repu l s i on  be tween  the  subs t ra te -Mg  comp lex  and  the  cha rged  po l ymer .
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